Five spirobisnaphthalenes, namely palmarumycin CP 17 (1), diepoxin κ (2), diepoxin η (3), diepoxin ζ (4), and diepoxin γ (5), were isolated from the endophytic fungus Dzf12 associated with the medicinal plant Dioscorea zingiberensis C. H. Wright. Their structures were identified by physicochemical and spectrometric analysis. Among these spirobisnaphthalenes, 2 was found to have antibacterial activity, and the mixture of 3 and 4 was detected to have both antibacterial and antifungal activities.
Spirobisnaphthalenes are a group of naphthoquinone derivatives found in fungi. In 1993, Schlingmann et al. first isolated four diepoxins (i.e. diepoxins α, η, ζ and σ) from the endophytic fungus LL-07F725 of a tree trunk growing in Pahama and detected remarkable antifungal and antibacterial activities [7] . Since then, more and more naphthoquinones have been discovered because of their multiple bioactivities, such as antifungal [7, 8] , antibacterial [7, 9] , anti-tumor [10] , allelochemical [8] , and antileishmanial [11] . Some of them have served as lead structures for the development of novel inhibitors of the thioredoxin-thioredoxin reductase redox system [12, 13] . To the best of our knowledge, there is no report of spirobisnapthalenes from the endophytic fungi of Dioscorea zingiberensis C.H. Wright, which is a traditional Chinese medicinal plant.
In this study, five spirobisnapthalenes were obtained from the acetone extract of the fungus isolate Dzf12 from D. zingiberensis. After comparing their physicochemical and spectral data with references [7, 10, 11, 14] , they were confirmed as palmarumycin CP 17 (1), diepoxin κ (2), diepoxin η (3), diepoxin ζ (4), and diepoxin γ (5) ( Figure 1 ). Compounds 3 and 4 were identified as a mixture in a molecular ratio of 2:3, based on the 1 H NMR spectrum. This is only the second report of compound 1 [11] .
The obtained compounds were tested for their antibacterial activities, and their minimal inhibitory concentration (MIC) and median inhibitory concentration (IC 50 ) values were determined. The results, listed in (1) and diepoxin γ (5) were either inactive or were very weakly active against the tested bacteria at concentrations under 200 μg/mL.
In the antifungal activity assay, the mixture of diepoxin η (3) and diepoxin ζ (4) showed an inhibitory effect on the spore germination of Magnaporthe oryzae with an IC 50 value of 73.9 μg/mL. The other tested compounds had either no or minor inhibitory activity on spore germination under 200 μg/mL.
In this work, diepoxin κ (2) exhibited strong antibacterial activity, whereas diepoxin γ (5) was shown to be inactive against bacteria. The former compound has a methoxy instead of an hydroxyl group at the C-6 position. This indicates that the methoxy moiety might be a key active group. The mixture of diepoxin η (3) and diepoxin ζ (4) exhibited strong antimicrobial activities, while diepoxin η (3) has been reported to have no inhibitory activity against bacteria [7] , which indicates that diepoxin ζ (4) might be the active component of the mixture. Diepoxin ζ (4) also displayed a potent activity in the anti-tumor invasion chamber assay [10] . Based on these results, diepoxin κ (2) and diepoxin ζ (4) are probably the main antimicrobial components in the fungal isolate Dzf12, which provides the chemical basis for the efficacy of the extract of this fungus against microbial pathogens. The results also provide some information for the potential application of these compounds as antimicrobial agents. This is the first report of the antimicrobial activity of the spirobisnaphthalenes from the endophytic fungus Dzf12 from D. zingiberensis. 
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Natural Product Communications Vol. 4 (11) 2009 1471 Fermentation and isolation: A 1000 mL Erlenmeyer flask containing 300 mL of potato dextrose broth (PDB) medium was inoculated with agar plugs taken from cultures in PDA. All flasks were incubated at 150 rpm on a rotary shaker at 25°C for 15 days. The culture broth was separated from the mycelia by filtration and extracted five times with n-butanol. The mycelia were lyophilized and powdered, and then ultrasound extracted five times with acetone. The nbutanol and acetone solutions were concentrated under vacuum at 50°C using a rotary evaporator to obtain the crude extracts. These were further treated by column chromatography with a chloroformmethanol eluting system (from 100:0 to 100:20, v/v) to yield 9 fractions (Frs. 1 to 9). The main components were detected by TLC mainly in Fr. 1 (chloroform/methanol, 100:0, v/v), Fr. 2 (chloroform/methanol, 100:1, v/v) and Fr. 3 (chloroform/methanol, 100:2, v/v). Fr.1 was subjected to silica gel column chromatography (CC) (light petroleum/acetone, 100:2, v/v), and further purified with Sephadex LH-20 (chloroform/methanol, 1:1, v/v) to provide yellow crystals (compound 1, 10 mg). Fr.2 was subjected to RP-silica gel CC (methanol/water, 50:50, v/v), and recrystallized from acetone to give colorless crystals (compound 2, 6 mg). Fr.3 was subjected to RP-silica gel CC (methanol/water, 60:40, v/v), and recrystallized from methanol to give colorless crystals (mixture of compound 3 and compound 4, 120 mg). Another subfraction of Fr.3 was subjected to preparative TLC (chloroform/methanol, 9:1, v/v), and purified with Sephadex LH-20 (chloroform/methanol, 1:1, v/v) to provide colorless crystals (compound 5, 65 mg).
Antibacterial assay:
The minimum inhibitory concentration (MIC) and median inhibitory concentration (IC 50 ) of the compounds and positive control (streptomycin sulfate) against bacteria were determined in sterile 96-wells by the modified broth micro-dilution-MTT assay [15, 16] . The tested bacteria included one Gram-positive (Bacillus subtilis ATCC 11562) and four Gramnegative (Pseudomonas lachrymans ATCC 11921, Agrobacterium tumefaciens ATCC 11158, Escherichia coli ATCC 25922, Xanthomonas vesicatoria ATCC 11633) bacteria. The bacteria were grown in liquid LB medium (yeast extract 5 g/L, peptone 10 g/L, NaCl 5 g/L, pH 7.0) overnight at 28ºC, and the diluted bacterial suspension (10 6 cfu/mL) was ready for detection.
Antifungal assay:
A spore germination assay was employed to detect antifungal activity of the compounds. Briefly, the spores were prepared from 7-days-old cultures of Magnaporthe oryzae, according to the method of Peng and Shishiyama [17] . The test compound-ethanol solution (25 µL) was mixed with an equivalent volume of fungal spore suspension containing 2×10 6 spores per mL. The mixture was then placed on separate concave glass slides. The final compound concentrations ranged from 12.5 to 200 μg/mL in 10% (v/v) ethanol. The negative control was 10% ethanol, and the positive control was carbendazim, with concentrations ranging from 0.5 to 50 μg/mL. Three replicates were used for each treatment. Slides containing the spores were incubated in a dark moist chamber at 25ºC for 8 h. Each slide was then observed under the microscope for spore germination status. About 100 spores per replicate were observed to detect spore germination, according to the method outlined by Fiori et al. [18] . The percentage (%) of spore germination inhibition was determined as [(G c -G t )/G c ] ×100, where G c is the average of three replicates of germinated spore numbers in the negative control, and G t is the average of three replicates of germinated numbers in the treated sets. Mean measurements were calculated from 3 replicates. The IC 50 calculation for the spore germination inhibition was calculated using the linear relationship between the inhibitory probability and concentration logarithm, according to the methods outlined by Finney [19] .
